The problem of developing a product acceptance determination procedure for multiple characteristics has attracted the quality assurance practitioners. Due to sufficient demands of consumers, it may not be possible to deliver the quantity ordered on time using the process based on one manufacturing line. So, in factories, product is manufactured using multiple manufacturing lines and combine it. In this manuscript, we present the designing of an acceptance sampling plan for products from multiple independent manufacturing lines using exponentially weighted moving average (EWMA) statistic of the process capability index. The plan parameters such as the sample size and the acceptance number will be determined by satisfying both the producer's and the consumer's risks. The efficiency of the proposed plan will be discussed over the existing sampling plan. The tables are given for industrial use and explained with the help of industrial examples. We conclude that the use of the proposed plan in these industries minimizes the cost and time of inspection. Smaller the sample size means low inspection cost. The proposed plan for some non-normal distributions can be extended as a future research. The determination of sampling plan using cost model is also interested area for the future research.
Introduction
In supply chain management, the role of product acceptance determination is very important. It addresses the problem of accepting or rejecting the manufactured product based on the information obtained for the inspection data. The product acceptance plan works under the designated risks specified by the producer and consumer [Pearn et al., 2013a] . For product acceptance determination, it is common to inspect a few items from the finished submitted lot for disposition of the lot. Therefore, there is chance for rejecting a good lot and accepting a bad lot. The chance of rejecting a good lot is termed as "producer's risk" and the chance of accepting a bad lot is called "consumer's risk". Therefore, the product acceptance determination using a sampling plan faces these two risks. In a sampling plan, the plan parameters are determined under the designated risks using the operating characteristics (OC) curve. There are many sampling schemes which have been widely used for the inspection of the submitted lot of product. The single sampling plan is simplest and popularly used in practice. A sample is selected from the lot and number of defective is counted. A lot of product is accepted if number of non-conforming items is less than the specified number of failures. Otherwise, lot is rejected. A sampling plan is said to be more efficient if it provides the smaller sample size as compared to existing sampling plan. Several authors proposed various sampling plans for various situations including for example, Yen et al. (2014) designed sampling plan using EWMA yield index. Aslam et al. (2013a) worked for resubmitted sampling plan using process capability index. Aslam et al. (2015) designed SkSP-V sampling plan using process capability index. Yen et al. (2015) studied repetitive sampling plan for one-sided specification. JunSeveral authors worked on the designing of product determination plans for various distributions including for example Pearn and Wu (2006a) developed the product determination procedure when the quality of interest follows the normal distribution having one specification limit. Pearn and Wu (2007) extended the work of Pearn and Wu (2007) for two specification limits. Later on, Pearn and Wu (2006b) and Wu and Pearn (2008) proposed the product acceptance determination procedures for low fraction defective products. Itay et al. (2009) and Negrin et al. (2011) developed the multi-stage sampling plan for normal distribution. Pearn et al. (2013b) proposed the extended plan for multiple characteristics. More details about sampling schemes using process capability index can be seen in Aslam et al. (2013b) , Pearn and Wu (2013) , Alaeddini et al. (2009), Nezhad and Niaki (2010) and Aslam et al. (2014) .
Most sampling plans in the literature use only the current information to make the final decision about the submitted lot of the product. This type of product acceptance determination plan is called "memoryless" product acceptance determination procedure. The efficiency of the plan can be increased by utilizing the current as well as the past information about the disposition of the submitted lot of the product. The exponentially weighted moving average (EWMA) statistic is one of the widely statistic in the area of control charts. As mentioned by Lucas and Saccucci (1990) and Montgomery (2007) , the EWMA statistic gives high weight to the current information and decreasing weight to previous information. According to Čisar and Čisar (2011) "the EWMA is a statistic for monitoring the process that averages the data in a way that gives less and less weight to data as they are further removed in time." The problem of developing a product acceptance determination procedure for multiple characteristics has attracted the quality assurance practitioners. Due to sufficient demands of consumers, it may not be possible to deliver the quantity ordered on time using the process based on one manufacturing line. So, in factories, product is manufactured using multiple manufacturing lines and combine it. For example, thin-film transistor type liquid-crystal display (TFT-LCD) glass is manufactured by using multiple independent manufacturing lines [Pearn et al. (2013a] . It is important to note here that the mean and variance of each line may be different and the combined output of all lines makes the decision about yield measurement difficult. Recently, Pearn et al. (2013a) designed a product determination plan for multiple independent lines.
The main objective of this paper is to design a new acceptance sampling plan for product from multiple independent manufacturing lines. The use of EWMA statistic of the process capability index is proposed for multiple independent manufacturing lines to reduce the sample size required for the acceptance sampling plan. The structure of the proposed plan will be given. The advantage of the proposed plan over Pearn et al. (2013a) will be discussed. The proposed plan will be explained with the help of examples.
Designing of Proposed Plan
According to Pearn et al. (2013a) "manufacturing process with multiple manufacturing lines often consists of multiple parallel independent manufacturing lines, with each manufacturing line having a machine or a group of machines performing necessary identical job operations. As the manufacturing lines have various process averages and standard deviations, the values of capability indices will be different for each manufacturing line. The combined output of all manufacturing lines leads to inaccurate yield measures of the process". Tai et al. (2012) proposed the following overall capability index:
where denotes the value of line for , is number of manufacturing lines, is traditional process capability index and is the cumulative distribution function (cdf) of a standard normal distribution. Note here that the statistic proposed by Tai et al. (2012) is an extension of the statistic proposed by Boyles (1994) . The means and variances of multiple independents lines are unknown in practice and estimated using the sample data, therefore, estimate of is given as follows (2) where (3) Note that and denote the upper specification limit and lower specification limit, respectively.
Where and are the mean and standard deviation of manufacturing line. Tai et al. (2012) used the Taylor expansion method and derive the following asymptotic normal distribution of where where shows the probability density function of normal distribution, denotes normal distribution, and are mean and standard deviation of manufacturing line and and are the parameters for manufacturing line. Tai et al. (2012) provided the following simplified form of asymptomatic distribution, see [Pearn et al. (2013a)] where (4) where shows cdf of the standard normal distribution.
The proposed plan based on EWMA of the overall process capability index is stated as follows:
Step-1: Select a random sample of size , from line j at time . Calculate the process capability index in (3) for each multiple line at time . Compute the overall index as follows:
Compute the following EWMA statistic at time i:
where is a smoothing constant and ranges from 0 and 1.
Step-2: Accept the lot if otherwise; reject the lot, where is c is the critical acceptance number.
The proposed sampling plan is the extension of plan given by Pearn et al. (2013a) . The proposed plan is characterized for two parameters namely and for other specified parameters. The proposed plan utilizes current information and past information using to make decision about the submitted lot of product, while Pearn et al. (2013a) plan utilizes only current information to make decision about the submitted lot. The proposed plan reduces to Pearn et al. (2013a) sampling plan when . Now, we derive the OC function of the proposed plan as follows. According to the plan, the lot of product will be accepted if
, where is is standard normal random variable, using it Eq. (5) can be rewritten as follows (6) Finally, the lot acceptance probability, say is given as (7) Let be the producer's risk and be the consumer's risk. The sampling plan will be designated such that the product acceptance of good lot will be greater than producer's confidence level, say at acceptable quality level (AQL) and the product acceptance of bad lot will be smaller than at lot percent defective quality level (LTPD). Let and are two points through the OC curve. The plan parameters of the proposed plan will be determined through following non-linear equations (8) (9) where and capability value corresponding to and on the basis of index. The complete non-linear solution is given as follows
The plan parameters of the proposed plan are determined for various values of , , , and are placed in Tables 1-4 . From these tables, we note following trends in plan parameters 1. When or are large, the smaller the sample size for the inspection of the product is required. It means that quality level preset by both parties is relatively loose. 2. When or are small, the larger the sample size for the inspection of the product is required. It means that quality level preset by both parties is relatively high. 3. For other specified parameters, when multiple manufacturing lines are increasing, the smaller the sample size for the inspection of the product is required. As the proposed plan utilizes past information, for larger is larger, the auditor has more past information and current information. So, smaller sample may need to make decision about the submitted lot.
4.
For other specified parameters, when smoothing constant increasing, the larger the sample size for the inspection of the product is required. The value of λ should not be zero, which case cannot reflect the present state. When the process is very stable, a smaller value is preferred, but it may not reflect the sudden change in the process. So usually, the value between 0.1 and 0.3 is recommended to use. For practical use of the proposed plan, following is step-by-step procedure to determine the plan parameters.
Step-1: preset the combination of and Step-2: preset the smoothing constant
Step-3: Check tables and select the corresponding values of plan parameters
Step-4: Determine using sample data
Step-5: Accept or reject the lot according to given decision criteria 
. Advantages of Proposed Plan
In this section, the advantages of the proposed plan over the Pearn et al. (2013a) plan will be given. To compare the efficiency of the proposed plan over Pearn et al. (2013a) plan, the same values of all parameters are set.
Arif, Aslam and Jun, Journal of Advanced Mechanical Design, Systems, and Manufacturing, Vol.11, No.1 (2017) The plan parameters of the both sampling plans are placed in Table 5 . From Table 5 , it is clear that the proposed plan has advantage in providing the smaller values of sample as compared to (Pearn et al., 2013a ) sampling plan for all specified parameters. For example, when , , =1.05 and =0.95, the sample size required for the inspection of lot is 7 from the proposed plan and it is 30 from the (Pearn et al., 2013a) sampling plan. It means that the proposed plan brings about 4 times reduction in the sample size required for the inspection of the lot of the product. Similarly, when , , =1.05 and =0.95, the sample size required for the inspection of lot is 14 from the proposed plan and it is 61 from the (Pearn et al., 2013a) sampling plan. It means that the proposed plan brings 4 times reduction in the sample size required for the inspection of the lot of the product.
Industrial Examples 4.1 Application in Gold Bumping Process
For the application of the proposed plan in the inspection of gold bumping process, we will consider the product made by factory located the Science Based Industrial Park at Hsinchu, Taiwan [ Pearn et al. (2013b) ]. The quality engineer of IC design house applies the sampling plan for the inspection of production product FHD1080H (FHD, 1920 1080 . This production come from three independent manufacturing lines and data is collected from each line separately. More details can be seen in Pearn et al. (2013b) . The USL=10.5 m, LSL=7.5 m and target value is 9 m. It is important to note that if the quality characteristic does not fall between in USL and LSL shows the Arif, Aslam and Jun, Journal of Advanced Mechanical Design, Systems, and Manufacturing, Vol.11, No.1 (2017) decreasing of product reliability. The sample estimators from the data collected by three independent lines are given as follows Pearn et al. (2013b) . The data is given in Table 6 . Pearn et al. (2013b) sampling plan while it is only 10 from the propsed sampling plan. The proposed plan is more economical than Pearn et al. (2013b) sampling plan for the inspection of FHD1080H product.
Application in TFT-LCD Inspection
As mentioned earlier that TFT-LCD process is multiple manufacturing processes which is widely used in cell phones, personal digital assistants, notebooks computer and monitors. For more details, see [Pearn et al. (2013a) ]. Suppose that the production came from three independent and normal distributed lines. The USL=0.77 mm, LSL=0.63 mm and target value is 0.70 mm. The sample estimator from the data collected by three independent lines are given as follows [Pearn et al. (2013a) ]. The data is given in The required sample size for the inspection of TFT-LCD product is 169 from (Pearn et al., 2013) sampling plan while it is only 2 from the propsed sampling plan. The proposed plan is more economical than Pearn et al. (2013) sampling plan for the inspection of TFT-LCD product.
Results and Discussion
As the testing/inspection cost is directly related to the sample size selected for inspection of lot. The efficiency of any plan can be compared with any other plan in terms of sample size using the same specified parameters. A sampling plan which provides a smaller sample size for lot inspection is said to be more efficient plan. By comparing the proposed plan with the existing sampling plan, we note that the proposed plan provides much reduction in sample size for inspection. Therefore, the use of the proposed plan for inspection of submitted lots will be more economical for industry.
Concluding Remarks
In this manuscript, a sampling plan for multiple lines is proposed using the EWMA statistic. The plan parameters are determined under the various designated producer's and consumer's risks. The efficiency of the proposed sampling is discussed over the existing sampling plan. We conclude that the proposed plan is more efficient than the existing sampling plan in terms of sample size required for the inspection of lot of product. The application of the proposed sampling plan is given for the inspection of gold bumping product and TDT-LCD product. We conclude that the use of the proposed plan in these industries minimizes the cost and time of inspection. Smaller the sample size means low inspection cost. The proposed plan for some non-normal distributions can be extended as a future research. The determination of sampling plan using cost model is also interested area for the future research.
